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FURTHER  EXPERIMENTAL  STUDIES  IN  TETANY.* 
BY W. G.  MAcCALLUM, M.D.,  AND KARL M. VOGEL, M.D. 
(From  the  Department of  Pathology, College of  Physicians and  Surgeons, 
Columbia University, New York.) 
In a  paper  read before the  German Pathological  Association  at 
the meeting in Strassburg in I912, I showed that the galvanic hyper- 
excitability of the nerves, which is a characteristic feature of tetany, 
is  due to  a  change  in  the  blood  following  the  destruction  of  the 
parathyroid  glands.  It  was  demonstrated that  after  section  of  a 
nerve during tetany the isolated extremity remained hyperexcitable, 
and that such an isolated extremity became hyperexcitable if extir- 
pation of the parathyroids was carried out after the cutting of the 
nerve.  Then by connecting the blood  vessels  of an  animal  in the 
height of tetany with those of the leg of a normal animal so that the 
peripheral portion of the nerves of the limb of the normal animal 
were bathed in tetany blood, it was demonstrated that an excitability 
identical with that found during tetany appears very quickly in those 
nerves,  and  as  quickly gives  place  to  ttie normal  conditions,  when 
the femoral vessels are reunited with their stumps so that the nerves 
are again supplied with normal blood.  In the same way the flooding 
of one  leg of an  animal  in  tetany with  normal blood  reduces the 
excitability of the  nerves  of that  leg to the  normal while the  rest 
of the animal is in tonic and clonic convulsions. 
The  restoration of the  femoral vessels to  their  original  connec- 
tions,  so  that  the animal's  own blood again  flows through the leg, 
brings  that  extremity  back  to  the  condition  of  the  others,  and 
hyperexcitability of the nerves and twitching are again  seen there. 
Similarly the blood removed from an animal during the convulsions 
of tetany and  defibrinated may be perfused through the vessels of 
the amputated leg of a normal animal, whereupon its nerves become 
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hyperexcitable.  If  normal Mood  and  tetany blood  be  used  alter- 
nately  in  this  perfusion  the  nerves  will  become  correspondingly 
normally excitable or hyperexcitable.  That this  is not due to any 
mechanical disturbance of the circulation was shown by numerous 
experiments. 
It  is  evident,  therefore, that  after the  extirpation of  the  para- 
thyroid glands  there appears  gradually a  profound change in  the 
blood  which makes  it  capable  of  acting upon  the  nerves or their 
terminations in  such a  way as  to  make them respond to  electrical 
stimuli far more rapidly than is normal.  Doubtless this statement 
may be applied  to  the nerve cells  of the  spinal  cord and brain  as 
well as to those of the sympathetic system, but no ready means of 
demonstrating this has been devised. 
It seemed, therefore, that since one might obtain in a bottle Mood 
capable of producing this characteristic change in the excitability of 
the nerves, it should be possible  to  determine precisely the nature 
of the change and in that way throw light more directly upon the 
function of the parathyroid gland.  For if it is the function of that 
gland  to  prevent the  appearance  of  this  change  in  the  Mood,  it 
should  be  possible  to  penetrate  further  into  the  activities  of this 
typical  organ  of  internal  secretion by  discovering what  chemical 
changes have occurred in the blood when the gland is destroyed. 
Some years ago  upon  finding that  tetany in  animals  and  man 
could  be  interrupted  at  once  by  injections  of a  salt  of  calcium, 
Voegtlin and  I  suggested and  upheld the  idea that  the  glands  in 
question might control the metabolism of calcium so that after their 
loss a serious disturbance in the calcium content of the Mood might 
take place.  This view was strengthened by the discovery that the 
blood of animals during tetany is distinctly poor in calcium and not 
especially  weakened  by  the  fact  that  other  substances  such  as 
strontium and magnesium will also cut short the tetany.  Undoubt- 
edly when administered in this way the effect of such substances is 
to decrease the excitability of the nerves, and it is plain, therefore, 
that the effect would be the same no matter what substance might be 
responsible through its absence for the hyperexcitability. 
The evidence at our command has not been sufficient to enable us 
to say with certainty what is the nature of the essential change in 620  Experimental  Studies in Tetany. 
the blood in tetany, and this is the problem which I have kept before 
me in the work of the past winter.  It is known that the blood drawn 
from an animal in tetany differs from normal blood in its ability to 
cause hyperexcitability of the nerves with which it  comes into con- 
tact,  but it is  still  a  matter  of great  difficulty to  analyze  this  blood 
and  to determine directly what change in its composition is respon- 
sible  for its new properties.  Any chemical procedure,  even one so 
harmless, to all appearances, as the addition of Ringer's solution, will 
unfit  the blood  for p effusion since  the  nerves  quickly die and  lose 
their excitability when bathed with anything but fresh intact blood. 
Very indirect methods must therefore be used, and as yet it cannot 
be said that  the matter is cleared up. 
Three  possibilities  presented  themselves  for  study,  although  of 
course there may be many more. 
(I)  The  blood in tetany may contain  a  substance somewhat like 
strychnia in its mode of action, which may affect the nerves directly 
and increase their excitability. 
(2)  The  blood may lack the  normal  amount  of calcium  and  in 
that way cause the nerves to become hyperexcitable. 
(3)  The poison circulating  in the blood may be of the nature  of 
an  oxalate  and  act  by precipitating  and  thus  withdrawing  calcium 
from the tissue. 
The  simplest  way in  which  this  group  of  possibilities  might  be 
tested  ought  to  be  through  the  intravenous  administration  of  an 
extract  of the  parathyroid  gland.  If this  can  counteract  the  effect 
of destruction  of the parathyroids  it must  act  upon the  substances 
indicated  in  the  first  and  third  of the  above possibilities,  since  the 
extract  of the parathyroid  could hardly  contain  enough  calcium  to 
be curative in the case of the second possibility.  If then the addition 
of parathyroid  extract  to the tetany blood used in perfusion should 
eliminate  its  exciting  effect,  there  must  be  a  strychnia-like  poison 
there,  or  else  a  substance  capable  of  throwing  out  of  action  the 
calcium normally present.  If not it would seem most probable that 
the blood had been simply deprived of its calcium. 
Several experiments of this sort were made, of which the  follow- 
ing will be recorded. W. G. MacCallum  and Karl M.  Vogel  621 
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The parathyroid  extract seems to have little  effect unless a  large 
dose  is  given,  when  it  seems  capable  of  killing  the  nerves,  as  is 
shown in dog 1,26o.  The circulation was perfect throughout. 
Dog z,26o.--(Text-figure  3.)  Normal  excitability.  Perfusion  at  II A.  M.  with 
tetany  blood  to  which  there  was  added  parathyroid  extract  as  follows:  20 c.c.  at 
II.2O  A.  M.,  20 c.c.  at  II.30,  and  7  c.c. at  II.4o. 
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It was thought probable that  since such tests last  through  a  rela- 
tively short time their results might be untrustworthy,  and,  further, 
that  in case the action  of the parathyroid  were directed  against  an 
oxalate-like  substance  there  would  be  very  little  source  for  fresh 
calcium  from  the  small  amount  of  bony  and  other  tissue  in  one 
extremity.  For  these  reasons  it  seemed  better  to  determine  the 
effect of  direct  injections  of  parathyroid  extract  into  the  jugular 
vein  of an  animal  in  the height  of tetany.  Ten  such  experiments 
were made, all with practically the same result,  so that  only two or 
three will be recorded here.  The extract of parathyroid glands used 
was made in some instances from the glands of the ox and extracted 
with Ringer's  solution after being ground up fine with sand.  The 
slightly blood-tinged filtrate  from this  suspension was used without 
any  further  treatment.  In  some  of the  experiments  glycerin  was 
• added to the Ringer's solution which was used in the extraction.  In 
other cases, since it seemed possible that  the extract  from ox para- 
thyroid might be inefficient in the tetany of the dog, an extract  was 
made  from  dog's parathyroids  which,  fortunately,  were obtainable 
in large numbers.  The same methods of extraction were used, and 
in one case I28 glands  were extracted in  fifty cubic centimeters,  in 
the other seventy glands. 626  Experimental  Studies  in Tetany. 
Such extracts, as well as the nucleoproteid precipitated from them 
by slight acidulation, have been used clinically to alleviate the symp- 
toms  of tetany and  we have  reported  the  apparent  good  effect in 
cases  of  experimental tetany  when  administered  intravenously or 
subcutaneously.  When they have been given by mouth I  have not 
obtained  any  special  effect,  but  that  is  the  method  employed  in 
treating  human beings,  and  beneficial results  have  been  reported. 
The  course  of  experimental  tetany  is  notoriously  irregular  and 
remissions  in  its  severity  are  common.  Nevertheless,  in  earlier 
experiments I  have been convinced,  as  I  have  in this  later  series, 
and as many others have reported, that distinct prolongation of the 
animal's life could be attained by the intravenous injection and that 
the twitchings and convulsions could be definitely diminished or even 
stopped.  All these experiments were very rough, however, and no 
exact measure of the effect could be recorded.  Now when we can 
measure exactly at  least one  feature of the disturbance,  it  is  sur- 
prising  to  find  that  even enormous  doses  of  parathyroid  extract 
given intravenously do very little to lower the increased excitability 
of the nerves.  It is true that in some cases there may be a temporary 
lowering but it is ephemeral, and in most instances all the readings 
remain  up  in  the  tetany  level.  Yet  the  animal  shows  a  much 
decreased tendency to outspoken tetany and lives a good deal longer, 
so that the idea obtrudes itself that there may be another factor of 
importance which is different from that which produces the nervous 
hyperexcitability, or that the ganglion cells are more readily affected 
by the extract than the nerve terminations.  The character of this 
effect will become clear in the  following protocols and curves, but 
from them, and taking into consideration the enormous doses given 
directly into the vein,  it seems questionable that the mere adminis- 
tration  of  small  doses  by  mouth  should  really  have  the  specific 
effects so often attributed to it. W.  G. MacOallum and Karl M.  Vogel.  627 
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Dog ~,3zg.--(Text-figure  5.)  Parathyroids  removed  February  23.  Violent 
tetany  February  26.  Given  two  small  doses of  extract.  Tetany  disappeared  or 
remained  indefinite.  Excitability  decreased  slightly after  each  injection  but  re- 
mained high. 
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Dog  z,32o.--(Text-figure  6.)  Parathyroids  removed  February  23.  Tetany 
distinct  but  not  violent  on  February  28.  Rather  indefinite  throughout  the  rest 
of the ten days' course, despite the high excitability.  Two  small  doses of extract 
given without  obvious  result. 
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Larger  doses  were  now  used,  as  is  shown  in  the  foUowing 
protocols. 
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TEXT-FIG. 9.  Tetany.  Repeated injections of extract of dog's parathyroid. 
It  was  feared  that  the  slight  effect  of  the  injections  of  para- 
thyroid extract  might  be due to the  fact that ox parathyroids  were 
used, and therefore an effort was made to obtain a sufficient number 
of the parathyroid  glands  of dogs to enable us to test the influence 
of an  extract  of those  glands  upon  the  tetany  of  a  dog.  In  each 
instance about  Ioo glands  were extracted  in fifty cubic centimeters 
of Ringer's  solution  (without calcium.)  In one  case  (dog  1,346 ) 
this  fluid  alone  was  used  in  extracting.  In  another  (dog  1,35o ) 
glycerin was added.  In neither instance did the effect seem greater 
than in the case of the cow parathyroid. 638  Experimental  Studies in Tetany. 
Dog L346.--(Text-figure 9.)  Parathyroids removed May  19.  Tetany on May 
2~.  Large  doses  of  extract  were  given  at  intervals,  but  the twitching persisted 
throughout the five days  during which the dog lived. 
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Dog z,35o.--(Text-flgure IO.)  Parathyroids removed May 25.  Tetany varies 
and  is  sometimes outspoken;  sometimes  there  is  only a  slight twitching in  spite 
of  the  large  doses  of  dog  parathyroid. 
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The  result of these experiments seems to  show that  even where 
relatively large doses of an extract of fresh parathyroid glands are 
administered in what would seem the most natural and most advan- 
tageous  method  (intravenously)  to  animals  in  tetany,  the  hyper- 
excitability of the nerves is  not  reduced at  all  or is  lowered only 
temporarily and  slightly,  returning in  a  few hours to  the original 
high level.  Nor does it seem possible to keep an animal alive indef- 
initely by these injections when the parathyroid glands  have  been 
destroyed,  although  it  is  clear  that  life  is  distinctly  prolonged 1350 
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TEXT-FIG.  I0.  Tetany.  Injection  of parathyroid  extract  into  vein. 
thereby.  One is  disposed  to  ask  whether there may not  be  some 
other  feature  of  tetany  apart  from  the  hyperexcitability  of  the 
nerves which is beneficially affected by the extract. 
The effect upon the hyperexcitability of the nerves is peculiar also 
inasmuch  as  the convulsions  and  twitchings practically  disappear, 
and an animal found in complete rigidity with violent clonic contrac- 
tions and tachypnea may be relieved and kept alive in a relaxed con- 
dition  by  the  injection,  although  the  electrical  excitability of  the 
peripheral  nerves  is  practically  unaltered.  This  is  very different 
from the effect of injecting calcium under the same circumstances, 
for then the disappearance of the convulsions seems to be explained 640  Experimental Studies in Tetany. 
by the extreme dampening of the excitability of the nerves.  One 
can only imagine that  in  the case of the parathyroid injection the 
excitability  may  be  lowered  just  below  the  threshold  at  which 
convulsions  may  occur.  But  the  charts  do  not  uphold  this  and 
there are many occasions  when the electrical record  is  very high, 
though no twitchings are visible, while a few hours later with rather 
lower excitability there may be violent convulsions (text-figure IO). 
Another possibility  suggests  itself,  namely,  that  the excitability 
of the ganglion cells which send forth the impulses producing con- 
vulsions  may be  more  readily affected by  the  parathyroid  extract 
than that of the peripheral nerves.  Such a condition would explain 
very well  the  rather  curious  effect  of  the  extract.  Even  so  the 
problem  remains  as  to  whether the  death  of  the  parathyroidecto- 
mized animal is the result of the mere mechanical exhaustion from 
the convulsions or of a general intoxication. 
These  experiments are unsatisfactory in  throwing light  on  the 
question which we have set ourselves to decide,--whether the alter- 
ation in the blood in tetany is a mere loss of calcium, the presence of 
an oxalate-like  substance capable  of precipitating  or rendering in- 
active the normal calcium, or the presence of a  new poison  some- 
what like strychnia.  The results might be compatible with the first 
view or even with the second if it proved that  after neutralization 
of  the  oxalate-like  substance  the  body  failed  to  furnish  enough 
fresh calcium to the tissues to make up the loss.  Of course it may 
be  that  the  extracts  are  faulty  and  inert  in  comparison  with  the 
activity of even the  slightest  amount  of living parathyroid  tissue. 
It  may be  that  the  gland  acts  not  by  way  of  any  secretion  but 
through its  influence upon substances brought to its  living cells by 
the circulating blood.  And for that reason it may be that we are not 
really testing the third possibility with which these results seem so 
incompatible.  A  poison  directly  affecting  the  nerve  cells  might 
require living gland tissue  for its destruction.  Against this  stands 
the ,fact brought  out  in  the last  paper  that .the  blood  of a  normal 
animal will reduce the excitability of the nerves to normal after it 
has been heightened by tetany blood.  Of course this in turn might 
be due to the presence of a sufficient amount of fresh calcium in the 
normal  blood  and  the  question  is  again  unsettled.  It  might  be W. G. MacCallum and Karl M.  Vogel.  64l 
thought that the matter could be decided by bleeding an animal in 
tetany and  restoring  calcium-free Ringer's  solution,  and  although 
this has been done and results as a matter of fact in the lowering of 
the excitability, it does so also in normal animals and therefore is 
not specific.  Possibly it is due to a  disturbance of the nutrition of 
the nerves.  A  few protocols will illustrate this point. 
Dog  1,32L--(Text-figure  II.)  Normal  animal  with  average  excitability. 
Bled 325 c.c.  Blood replaced by 50o c.c. of calcium-free Ringer's solution•  Excit- 
ability tested  before  and  each  hour  after  this  operation. 
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Dog  z,324.--Large  normal  dog;  weight 30  kilos.  Bled 63o  c.c.  from  carotid. 
1,4oo c.c. of  Ringer's solution without calcium were run into the jugular vein. 
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Dog  L3OL--(Text-figure  12.)  Parathyroids  removed  January  31.  Violent 
tetany February 3,  11.3o A.M.  Bled 45o c.c.  25o c.c. of Ringer's solution without 
calcium were injected.  Died at  5  v.  M. 
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TEXT-FIG.  12.  Tetany.  Bled 450 c.c. ;  250 c.c.  Ringer's  solution  without 
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calcium  in  vein. 
Dog  A3m.--(Text-figure  I3.)  Parathyroids  removed  February  9.  Tetany 
distinct  February  z4,  4  P.  M.  Bled  500  c.e.  a t  4.50  P.  ~t.  1,2oo  c.c.  of  Ringer's 
solution  without  calcium  were  injected  into the jugular  at  5.zo I".  ~. 
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Dog  z,3z4.--(Text-figure  I4.)  Parathyroids  removed  February  I8.  High 
excitability but not violent tetany on February 21.  At 3.40 bled 5oo c.c.  i,ooo e.c. 
of  Ringer's  solution  without  calcium  were  introduced. 
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One feels almost sure from these experiments that the method is 
too coarse to throw any light upon the nature of the alteration of the 
blood  in  tetany.  The  excitability of the nerves,  as  we have  seen 
from perfusion experiments and those concerned with anemia, is a 
property  so  delicate  that  it  is  readily  disturbed  or  destroyed  by 
measures  which  change  in  any  marked  degree  the  character  or 
amount of the nutritive blood supply.  It is probably for this reason 
that the symptoms of tetany may be relieved, as  Meltzer  2 pointed 
out, by the injection of a great amount of strong salt solution, and 
not because of any specific action of the sodium chloride.  That such 
effects pass  off after a  time is  due doubtless to  the power of the 
body to re~stablish the normal composition of the blood. 
Other methods of attack which we have previously used have been 
employed again, and the results will be recorded here. 
Since we know definitely that the blood  of  an animal  in  tetany 
differs from that  of a  normal animal, it  would at  first sight  seem 
possible to study the blood directly, but the difficulties are very great. 
Direct analyses to show the calcium content can of course be made, 
and  some  have  been  recorded  in  a  previous  paper, 3  showing  a 
marked decrease in the calcium content during tetany. 
It was thought that chemical analyses might contribute something 
to the understanding of the action of the parathyroid extract, if we 
should  determine any differences between the calcium contents of 
the blood of untreated dogs suffering from tetany and that of dogs 
2 Joseph,  D.  R.,  and  Meltzer,  S.  J.,  Your.  Pharmacol.  and  Exper.  Therap., 
19IO-II,  ii, 361.  Voegtlin, C., and  MaeCallum,  W. G., ibid., p. 439. 
a MacCallum,  W.  G., and  Voegtlin, C., Your. Exper. Med.,  I9O9,  xi,  I42. 646  Experimental Studies in Tetany. 
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At 3  P.  M.  on  February 21  bled  5o0  c.c., I,OOO c.c. of 
Ringer's solution returned. 
which had received repeated doses of parathyroid  extract.  In other 
cases we analyzed the blood of dogs  from which most of the para- 
thyroid tissue had  been removed because, as we supposed,  some of 
the gland tissue had remained uninjured.  There are therefore  four 
categories into which these animals  fall. 
Normal. 
Dog  1,324--o.o624 
Dog  1,36o--o.o731 
Dog  1,361--o.o58o 
Dog  1,362---o.o5o2 
Tetany. 
Dog  1,349--o.o156 
Dog  1,352--o.o322 
Dog  1,348---o.o226 
Dog  1,353--o.o39o 
Tetany treated with 
parathyroid extract. 
Dog  1,35o----o.o2oo 
Dog  1,331----o.o264 
Dog  1,332--o.o436 
Partial parathyroid- 
ectomy without 
tetany. 
Dog  1,344-----o.o541 
Dog  1,345---o.o444 W.  G. MacCallum  and Karl M.  Vogel.  647 
These figures represent the content in calcium in grams of I,o00 
grams of blood.  The analyses were made by the method of Neu- 
mann, the calcium being estimated gravimetrically and not by titra- 
tion  with  potassium  permanganate.  They  were  made  without 
knowledge of the history of each case and compared 0nly after all 
were finished.  It is plain  from these figures that the calcium con- 
tent of the blood of normal dogs and of those which did not develop 
any symptoms of ,tetany even though the parathyroid gland  tissue 
was much reduced is much higher than in the other two groups.  It 
may be observed further that the great decrease in  the amount of 
calcium in the blood of the animals which show tetany persists  in 
spite  of  the  injection  of  parathyroid  extract,  a  point  which is 
significant and  in  accord with the results  of the electrical tests  of 
nervous excitability.  Probably we may conclude from this that the 
idea that parathyroid extract might stop the tetany by heightening 
insome  way  the  calcium  content  of  the  blood  is  without  actual 
foundation. 
Several  attempts  were  made  in  the  direction  of  imitating  the 
action of a  possible oxalate-like substance in the blood by injecting 
a  solution of sodium oxalate into  the vein.  In a  previous paper it 
was shown that the addition of a minute quantity of sodium oxalate 
to the normal blood used in perfusing a  limb caused a  hyperexcita- 
bility of the nerves, but that it was difficult to carry out this experi- 
ment  without  killing  the  nerves.  Sarvonat  and  Roubier  4  have 
shown that the prolonged administration of oxalates by mouth will 
finally  produce  such  hyperexcitability  which  could  be  measured 
electrically.  The injection of quite large quantities  of the oxalate 
into the veins of an animal should produce such a change, but several 
experiments of this sort have given practically no result although the 
animal sometimes died during the injection.  The solution was then 
allowed  to  run  into  the  vein much more  slowly,  and  although  it 
caused vomiting and depression it produced no especial change in the 
excitability of the nerves.  When,  however, the  same animal  was 
again  injected the  next  day  or  the  day  after,  the  effect became 
noticeable (text-figure x  5). 
Sarvonat, F., and Roubier, Ch., Arch. de m~d. expdr.,  1911, xxiii, 584; Jour. 
de physiol,  et de path. g~n., 1911  , xiii, 565. 648  Experimental  Studies  in Tetany. 
Dog L357.--(Text-figure 15.)  Normal animal.  On June 23 a  2 per cent. solu- 
tion of sodium oxalate was slowly run into the vein so that  several minutes were 
occupied  in  the  introduction  of  5  c.c.  No  especial  effect was  produced.  30  c.c. 
of the  solution  were administered.  Two  days  later 41  c.c.  of  the same  solution 
were  run  into  the  vein continuousIy  but  very  slowly.  This  produced  a  distinct 
rise in  the excitability of  the nerves. 
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It  is  important  that  more  experiments  lasting  over  a  longer 
period  should  be  carried  out,  since the  body  seems to  be  able  to 
repair for a  time the injury to the blood caused by the oxalate.  It 
was quite remarkable to observe that the heart blood taken from a 
small  dog which had  died  during the administration  of the  2  per 
cent.  oxalate  after  twenty-eight  centimeters  had  run  in,  clotted 
firmly within five minutes.  It seemed that  this  amount should  be 
sufficient to prevent the clotting in a small dog weighing only about 
five kilograms, but apparently the circulating blood can protect itself. 
When the introduction of oxalate is repeated this protection seems 
to become less and less available, until finally the effect is observed 
in the nerves. 
SUMMARY. 
It has been our aim to determine in what particular the blood is 
altered during tetany so that it can produce hyperexcitability of the 
motor nerves.  As a  working hypothesis it  has been assumed that 
(i)  there may be a  lack of calcium in the blood and  tissues;  (2) 
there may be a circulating poison which like an oxalate could render 
inactive the circulating calcium; and  (3)there may be a  substance 
in  circulation vaguely resembling strychnia in  its  action  upon  the 
nervous  system  and  directly  causing  the  hyperexcitability.  It  is d 
1357 June23~ 
2 
3 
KC  ._~ 
AC 
AO 
2 
3 
KO 
4 
W.  G. MacCallum and Karl M.  "Vogel.  649 
c~  v 
to  ~  .,~  so  June  25 ,t  ~  -  ~ 
~--1--30  45  33045 4  15 30 45 5 15  30 45  6 
mmm~  ,~m 
5  t  I 
TEXT-FIG. 15.  Injection of 2 per cent. sodium oxalate into jugular vein. 
impossible to decide with our present knowledge which,  if any,  of 
these  explanations  is the  true  one,  but certain  experimental  results 
are brought  forward.  If tetany blood be used to perfuse a  normal 
leg  the  excitability  of  the  nerves  rises  to  a  characteristically  high 
level and  the addition of parathyroid  extract  to the blood has little 
or no effect in lowering this  excitability. 
Parathyroid  extract  whether  from the ox or the dog  fails when 
injected  into  the  circulation  of  an  animal  in  tetany  to  reduce  the 
excitability  of  the  nerves  markedly  or  permanently,  although  it 
seems  to  affect  the  more  sensitive  ganglion  cells  thus  cutting  off 
excessive impulses  to  the  periphery.  Although  the  nerves  remain 
hyperexcitable,  tetany  is  usually  much  diminished  or  abolished 650  Experimental  Studies in Tetany. 
entirely.  This  seems  to  be  analogous  to  the  action  of  ether.or 
any other anesthetic which may inhibit  the  activities  of  the  gan- 
glion cells, although it leaves the nerves excitable and able to con- 
duct impulses.  An animal in tetany relaxes instantly on being given 
ether although the excitability of the nerves to  electric currents is 
little changed. 
Bleeding  followed by the  replacement of  the blood  with  an  in- 
different  solution  free  from calcium  stops  tetany and  lowers  the 
excitability of the nerves.  Probably this cannot be ascribed to the 
removal of a circulating poison, but rather to a  general disturbance 
of the nutrition of the nervous system. 
Oxalate-like  substances  intro'duced  into  the  circulation  rapidly, 
and  for a  short  time  only,  may kill  the animal,  but  they seem to 
produce no change in the excitability of the nerves.  If the solution 
is injected very slowly and over a  long period the protective action 
of the body seems to be overcome and the excitability of the nerves 
rises to high  levels.  This  seems to  resemble somewhat the  latent 
period after the destruction of the parathyroid before tetany begins. 
Direct  analysis  of  the  blood  shows  that  as  compared  with  the 
normal, the blood of an  animal in  tetany is  very poor  in  calcium. 
Administration of parathyroid extract does not increase this calcium 
content.  On the contrary, if the extirpation of the parathyroids has 
been incomplete so that tetany does not appear, the calcium content 
of the blood is that of the normal animal. 
Even yet, therefore, in spite of our efforts to shake it, the theory 
that tetany is closely dependent upon  a  disturbance of the calcium 
content  of  the  blood  is  supported  by  stronger  evidence than  any 
other idea, but much remains to be done before a  clear conception 
of the process is reached. 